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1. A car is initially at rest on a straight horizontal road.
The car then accelerates along the road with a constant acceleration of 3.2ms
Find
(a) the speed of the car after 5,
ey
(b) the distance travelled by the car in the first 5s.
(2)
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FN o P (5kg) 28N

Figure 1

A particle P has mass 5 kg.

The particle is pulled along a rough horizontal plane by a horizontal force of
magnitude 28 N.

The only resistance to motion is a frictional force of magnitude F' newtons, as shown
in Figure 1.

(a) Find the magnitude of the normal reaction of the plane on P

The particle is accelerating along the plane at 1.4ms™

(b) Find the value of F

The coefficient of friction between P and the plane is u

(c) Find the value of x, giving your answer to 2 significant figures.
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r
3. At time ¢ seconds, where ¢ > 0, a particle P has velocity vms ' where
v =" =3+ i+ (2 - 3)j

Find

(a) the speed of P at time =0
(b) the value of # when P is moving parallel to (i + j)
(c) the acceleration of P at time ¢ seconds

(d) the value of # when the direction of the acceleration of P is perpendicular to i
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4. [In this question, i and j are horizontal unit vectors and position vectors are given
relative to a fixed origin O]

A particle P is moving on a smooth horizontal plane.

The particle has constant acceleration (2.4i + j)ms

At time ¢ = 0, P passes through the point 4.

At time ¢t = 5, P passes through the point B.

The velocity of P as it passes through 4 is (—16i — 3j)ms"’

(a) Find the speed of P as it passes through B.

The position vector of 4 is (44i — 10j) m.
At time ¢ = T seconds, where 7' > 5, P passes through the point C.
The position vector of C is (4i + ¢j)m.

(b) Find the value of 7.

(c) Find the value of c.
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40m

Figure 2
A small ball is projected with speed 28 ms ™' from a point O on horizontal ground.
After moving for 7 seconds, the ball passes through the point 4.

The point 4 is 40m horizontally and 20 m vertically from the point O, as shown in
Figure 2.

The motion of the ball from O to A4 is modelled as that of a particle moving freely
under gravity.

Given that the ball is projected at an angle a to the ground, use the model to

10
7 cosa

(a) show that 7=
(b) show that tan’a — 4tana + 3 =0

(c) find the greatest possible height, in metres, of the ball above the ground as the ball
moves from O to 4.

The model does not include air resistance.

(d) State one other limitation of the model.

2)

C))

3

(1)

J

12

p 7 2 8 2 0 A0 1 2 2 0

OmC .

PMT

CRKLR

S

o
X
X o2
pratavai et
P X
o2

O
Pote%e%ate%e!
P CATLF
A
SRR

&
J
%

X
%
"

Y
v

X
oo

&
XS
3K
poseer g

;
KIS

PRTATai%e!
s

S tarag%e!

S
Z

SR

5600 1%

<
It
i
b F &
o
20

S
<
%
K5
5055
bt



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

K
5L

R RIIIILLLK,
CXELRS
SRRRHALS

PRRLRLLRRS

oSotesotesetetetetet

S
S
9%

G0
o
S
%
s

RIS
P
\E  Rotetesesetetes

2
S,
S8

Sderee
K

<

>
RKLLS:

2
%
osees
Doegoses
botorote%s

LRIRHRLRLRIRLRLLS,

25
Sodeteletet
Dedetolel
S5

B35
X
0es
%

o205e0e}

%
G
S
S

o9%
K

X
%‘

X
05
X

o020
o ‘0.0‘

‘0.0

s

%

<
e S 4 KN
%% e %
% KKK
otk otototetetsts

5
oS
0500 0.0
KHRKK
G
pteteteds!

2K

(XK
ot

CKKS

X
%!
S
0.0‘0 X
0%
KL

S
%

bt
5

0%
XS
o
35S
RS

%

<

%X
)
0

QORI
RIS S

G G
RS S
S

SO

bS5 B L0 VIR

SR I

SootoeieriteoetuaSeitosserel
RRAHARERRKHRRRARIKKRKK oSS

oo
posssegetototelets
Detetoteletetetes
500t ttebetetete!

KL

oo’
pogole!

0%

~ ™~
Question 5 continued
\_ y
13
om 0] R A 0 Turn over »
P 7 2 8 2 0 A 0 1 3 2 0

PMT



~ ™~
Question 5 continued
\_ y

14

p 7 2 8 2 0 A0 1 4 2 0

OmC .

PMT

LSRR

S
S
IR
dtosetees
S
LK
D Setatetes
dtotetees
KRS
SRR
DoSetatetets

AR
O
0. % )°
SN
Saseser%et
KRS
oS oTisaess
X

SRS
0 k%
Y

X
s
e "
e

R

y 9%
RS
SIS
SRBXL



<
%

SRS

X
5%
s

%o
SRR
9
&5

IR LLIXKL

CRERKRAL

ool

PRRLRLLRRS

SLIILILIRY

KA
SRS
R RIIIILLLK,
CXELRS
SRRRHALS

P00
%000 %% %%

QLR
,‘.-‘.'0‘»‘
ettt
%

KR
) -

%%
Sezecedols
CRKLK
o2l e%%

ptetetele!

(XX
e
E N
<D

X
35S
osees
Doegoses

KR

LRIRHRLRLRIRLRLLS,

25
Sodeteletet
Dedetolel
S5

RR858
X
0es

%
o205e0e}

X

G
Seledel
bootoses

o9%
K

X
%‘

X
05
X

00

S
éw
s

%

<3
B
K&

5
000%
0500 0.0
KHRKK
oolete%e
pteteteds!

2K

(XK
ot

CKKS

X
%!
S
0.0‘0 X
0%
KL

S
%

bt
oo

QLS
XS
o
35S
RS

%

CORAIEKIR

N
]
o

O
KK
S0
IS
XL

‘0‘&' LI ENNTR YN
EERRRELLIRES %5

o5
<5
SR

2R
dodels
gt

K
%!
ootelodet

<
XXX,
gt

%%
XA

22
2
ISR
IR

0%
SR

oo

~

Question 5 continued

(Total for Question S is 11 marks)

.

J

O =

p 7 2 8 2 0 A0 1 5 2 0

15

Turn over »

PMT



16

Figure 3
A rod AB has mass M and length 2a.

The rod has its end 4 on rough horizontal ground and its end B against a smooth
vertical wall.

The rod makes an angle 8 with the ground, as shown in Figure 3.
The rod is at rest in limiting equilibrium.

(a) State the direction (left or right on Figure 3 above) of the frictional force acting on
the rod at A. Give a reason for your answer.

(1)
The magnitude of the normal reaction of the wall on the rod at B is S.
In an initial model, the rod is modelled as being uniform.
Use this initial model to answer parts (b), (c) and (d).
(b) By taking moments about 4, show that
1
S= 5 Mgcott
&)
The coefficient of friction between the rod and the ground is u
‘ 3
Given that tan6 = 1
(c) find the value of u
C))
(d) find, in terms of M and g, the magnitude of the resultant force acting on the rod at 4.
3
In a new model, the rod is modelled as being non-uniform, with its centre of mass
closer to B than it is to A4.
A new value for § is calculated using this new model, with tan6 = 1
(e) State whether this new value for S is larger, smaller or equal to the value that S
would take using the initial model. Give a reason for your answer.
(1)
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Question 6 continued

(Total for Question 6 is 13 marks)
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